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SECTION 1

Introduction

Purpose

The purpose of this technical memorandum (TM) is to compare metal concentrations in soil
and groundwater at the Diamond Head Site (DHS) to metal concentrations in:

¢ Soils and groundwater at other known contaminated sites in the vicinity (less than 0.5
miles) of the DHS,

¢ Soils regionally in comparably urbanized Hudson, Essex, and Bergen Counties, and

e Regional aquifers (the regional Stratified Drift and Brunswick aquifers) which underlie
the fill and overburden materials at the DHS (the fill and overburden materials are
referred to as the stratified water bearing unit throughout the rest of this TM).

The objective of this comparison is to provide perspective on the metal concentrations found
at the DHS relative to the surrounding areas (Figure 1-1). This TM is prepared for the
United States Environmental Protection Agency (USEPA) Region 2 under Task Order TO
0002, UNDER contract No. W912DQ-08-D-0016 with the United States Army Corps of
Engineers (USACE).

Approach

This TM is based on the metal concentrations in soils and groundwater measured during the
Phase 1 Remedial Investigation (RI) conducted in 2003 (Final Phase 1 Technical Memorandum,
CH2M HILL 2005) and during the Operable Unit 2 RI conducted in 2009 (Operable Unit 2
Remedial Investigation Technical Memorandum, CH2M HILL 2009). The metal results for soils
and groundwater from both investigations compared to the most recent standards and
criteria can be found in the Phase 1 and Operable Unit 2 Data Summary (CH2M HILL,
2009).

The Phase 1 results indicated that multiple metals exceeded the New Jersey criteria for
direct contact with the soils. Therefore, this TM compares the metal concentrations in
shallow soils (0-5 feet) at the site to the background metal concentrations expected to occur
in shallow soils in the urban environments of Hudson, Essex, and Bergen Counties (or the
Urban Piedmont region as stated in the reference report).

The Phase 1 and OU2 Rls indicated that the following metals represented the most
significant concerns for groundwater (e.g. exceeded criteria most often, occurred at higher
concentrations than other metals): arsenic, lead, iron, manganese, and sodium (CH2M HILL,
2009). Therefore, for the deeper soils and the groundwater, the concentrations for these
metals in the soils and groundwater were compared to the following:
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¢ Soil concentrations were compared to the concentrations in soils at surrounding sites
known to be contaminated to obtain an understanding of how site conditions compare
to the general setting of the area, and

e Groundwater concentrations were compared to the concentrations occurring regionally
in the aquifers underlying the stratified water bearing unit at the site to obtain an
understanding of whether the groundwater at the site may be contributing
contamination to these deeper zones.

In addition, phase and piper diagrams were developed to understand physiochemical
conditions and metal behavior in groundwater in the three units that were compared. It
should be noted that in addition to these 4 metals, the following metals have also been
found above standards / criteria in groundwater beneath the DHS, although the
occurrences of exceedances were not as frequent as the above 4 metals: antimony,
chromium, nickel, and thallium.

To achieve the above objectives, information was obtained from the following sources:

¢ New Jersey Department of Environmental Protection (NJDEP) Published Literature
Search

¢ United States Geological Survey (USGS) Database Search
e Open Public Records Act (OPRA) File Review

N]DEP Published Literature Search

Background metals concentrations occurring in urban environments were obtained from the
following two NJDEP reports: “A Summary of Selected Soil Constituents and Contaminants at
Background Locations in New Jersey” (NJDEP, 1993a), and “Ambient Levels of Metals in New
Jersey Soils” (Sanders, 2003).

The 1993 NJDEP study describes background soils as those soils that have not been
impacted by a local-point source, but may contain some contribution from diffuse
anthropogenic pollution (NJDEP, 1993a). The study includes eighty background soil
samples collected to a depth of twelve inches throughout New Jersey; nineteen of these
were collected from urban environments including Kearny.

The 2003 Sanders report includes a summary of the results from three studies conducted by
BEM Systems Inc (BEM) between 1996 and 2001. The purpose of these studies was “to
gather information to support the development of soil cleanup criteria, which cannot be set
below ambient levels”. Based on the 2003 Sanders report, ambient levels are defined as
“concentrations of contaminants consistently present in the environment in the region of a
site and which has not been influenced by localized human activities.” A total of 248
samples were collected from a depth of 0-6 inches in the three studies; 67 of these were from
the Urban Piedmont region where the DHS is situated.

Soil samples from both studies provided information on metals on USEPA’s Target Analyte
List (TAL).
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USGS Database Search

Groundwater quality data for the area around the DHS was obtained from the United States
Geological Survey’s (USGS) National Water Information Service (NWIS) database. The data
was obtained for the Stratified Drift and the Brunswick aquifer for an area surrounding the
site as delimited by latitudes 40°38'00"N and 40°49'00"N, and longitudes 74°02'00"W and
74°12'00"W.

In addition to metals data, water quality information was obtained for the following: field
chemistry (pH, specific conductance, Eh, dissolved oxygen, carbon dioxide), major cations
(calcium, magnesium, potassium, and sodium), major anions (sulfate, bicarbonate, chloride),
and other general water quality constituents (total dissolved solids, total organic carbon,
etc.).

OPRA File Review

OPRA file reviews were requested for known contaminated sites (KCS) situated within %2
mile radius of the DHS. These sites were identified on the NJDEP i-MAP database and are
shown on Figure 1-2. The reviews were conducted at NJDEP's Bureau of Field Operations -
Northern (BFO-N) office in Cedar Knolls, New Jersey and at NJDEP’s headquarters in
Trenton, New Jersey. The files for thirteen KCS located within %2 mile of the DHS were
reviewed. Two of the sites border the DHS (Campbell Foundry and Municipal Sanitary
Landfill Authority (MSLA) 1-D Landfill).

Site Description

The DHS is located at 1401 Harrison Avenue, Kearny, New Jersey (Figure 1-1 site location
map). It is situated along the eastern margin of the Triassic Lowlands (Piedmont)
geomorphic province of northern New Jersey. While in operation the DHS consisted of an
oil reprocessing facility with a large oil storage lagoon and multiple aboveground storage
tanks (ASTs) and possibly below grade pits used to store oily wastes. These wastes were
intermittently discharged directly to adjacent properties to the east and the wetland area on
the south side of the site, creating an oil lake. The New Jersey Department of Transportation
(NJDOT) acquired part of the property for the construction of I-280 and reportedly removed
10 million gallons of oil and oil-contaminated liquid and 230,000 cubic yards of oily sludge
from the oil lagoon. NJDOT also reported that during the I-280 construction, an
underground “lake” of oil-contaminated groundwater was found extending from the
eastern limits of the I-280 right-of-way to Frank’s Creek west of the site. During I-280
construction, the entire oil lagoon was apparently filled, as it no longer appears on post-I-
280 construction aerial photographs from 1979. Aerial photographs from 1982 show that the
reprocessing infrastructure of the site had also been dismantled.
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Geology and Hydrogeology

Thick (greater than 100 ft), unconsolidated sediments underlie the site, including (from
oldest to youngest) Pleistocene periglacial deposits, including till and fluvial drift; recent
fluvial deposits; and anthropogenic fill. The unconsolidated section is underlain by the
Brunswick Group’s clastic sedimentary rock units (siltstone, sandstone, shale, and
conglomerates) interbedded with Watchung Group (igneous rock) extrusive rocks. Depth to
bedrock in the vicinity of the Diamond Head site is estimated to be approximately 120 ft bgs
(Nichols, 1968).

This study considers metals in groundwater from the following three water bearing/aquifer
units as follows:

» Surficial water bearing unit (includes sands above/below peat at DHS and local sites)
e Stratified Drift Aquifer
e Brunswick Aquifer

Surficial Water Bearing Unit

The shallow subsurface beneath the DHS site and surrounding area consists of
anthropogenic fill materials overlying recent sand and peat deposits. The thickness of the fill
varies across the site, ranging from not present in scattered locations toward the western
side of the site, to 10 ft thick along the eastern side of the site. On the western side of the site,
the fill is underlain by a 5-ft-thick sand unit that pinches out across the site until it is not
present in borings on the eastern side of the site.

This sand unit is underlain on the western side of the site by a clay unit, and on the eastern
side by a silty clay unit, both of which are up to 5 ft thick. A peat layer underlies these units
and ranges in thickness from an average of 1 ft up to 3 ft thick, and to an average depth of 15
ft bgs. The unit is considered continuous across the site, although it was less distinct in
borings along the western side of the property. Although the hydrostratigraphy of the fill
and recent sediments beneath DHS is fairly distinct, for the purpose of comparison with
USGS databases in this TM, these materials are grouped as a single unit called the surficial
water bearing unit.

Groundwater occurs at approximately 2-feet below grade at DHS, thus most of the
anthropogenic and recent alluvial deposits are saturated. Groundwater samples from the RI
activities collected at MW-11S and MW-11D for field chemistry constituents (pH, Eh,
specific conductivity, temperature, dissolved oxygen), metals, and general water quality
parameters indicate groundwater geochemistry is favorable to the migration of most metals
in the surficial water bearing unit.

The pH of most groundwater ranged from slightly acidic (6.0 to 6.5) to circum-neutral (6.5 to
7.5). With the exception of several samples (5 of 31), groundwater in the surficial water
bearing unit was hypoxic (2.0 mg/L > dissolved oxygen (DO) > 1.0 mg/L) to anoxic (1.0
mg/L> DO). Oxidation-reduction (Eh) values ranged less than 100 millivolts (mv)
indicating relatively reducing conditions consistent with hypoxic/anoxic groundwater.
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Examination of important oxidation/reduction indicator constituents (DO, nitrate/nitrite,
iron, manganese, sulfate, and methane) suggests reduction through DO consumption,
denitrification and metabolic iron/ manganese reducing conditions. Samples from MW-
11S/D exhibit elevated sulfate and methane concentrations suggesting mixing of
groundwater from discrete zones in the wellbore as sulfate reduction (no sulfate) should
occur before methanogenesis (elevated methane).

Groundwater at MW-115/11D exhibits elevated concentrations of total organ carbon (TOC),
a potential source of reducing conditions and chelation, a potential mechanism for elevating
metals concentrations in groundwater. Total phosphorous at MW-115/11D ranges up to
0.82 mg/L. Phosphate, a component of the total phosphorous analysis, successfully
competes with arsenic for available ferric oxyhydroxide sites in the aquifer matrix,
potentially elevating arsenic concentrations.

Stratified Drift Aquifer

Recent sediments are underlain by Pleistocene deposits which contain thick sequences of
coarse sand and gravel forming a local aquifer (Stratified Drift Aquifer). Beneath DHS, the
unconformable contact between the surficial water bearing unit and Stratifed Drift Aquifer
lies around 40 feet below grade. The thickness of the Stratified Drift Aquifer reaches 80 feet
below DHS. Locally, lateral dimensions, thickness, and aquifer geometry is roughly
constrained by the channel of the Passaic River. Thus, the Pleistocene deposits (and
Stratifed Drift Aquifer) thin rapidly to the east and west of the river.

For many years, industries in Essex and Hudson Counties withdrew significant volumes of
water from the Stratified Drift Aquifer to support processes, and as a source of potable
supply. Individual wells produced potable-quality water at several hundred gallons per
minute (gpm; Herpers and Barksdale, 1951). This practice ended around the middle of the
20t century as sodium and chloride concentrations gradually increased in individual wells.

Brunswick Aquifer

The Brunswick Formation defines the bedrock basement beneath the study area at around
120 feet below grade beneath DHS. In Hudson and eastern Essex Counties, the Brunswick
Formation consists of interbedded fine sandstone, siltstone and shale. Intergranular spaces
in these rocks are absent and they exhibit no primary porosity. Groundwater flow occurs in
secondary porosity features characterized by fracture-related fabrics including bed-partings,
cleavage, joints, and fault zones.

Despite the secondary nature of the porosity, production wells installed in the Brunswick
Aquifer appear fairly productive exhibiting pumping rates ranging up to 1,000 gpm, with
average rates for properly developed wells around 100 to 200 gpm. Similar to the Stratified
Drift Aquifer, wells installed in the Brunswick Aquifer supported local commerce and
domestic supply in Essex and Hudson County. Also, wells in the Brunswick Aquifer
historically exhibit signs of saltwater intrusion, according to their location in relation to the
Passaic River and Newark Bay.
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Results

This section presents the results of the performed evaluations.

Metals in Soils and Groundwater at the DHS

Table 2-1 presents the ranges in metal concentrations in soils at the DHS compared to the
following:

¢ New Jersey Impact to Groundwater Soﬂ Screening Levels (N]IGWSSL) default
values (available at http: state.nj.
revised December 2008)

e New Jersey Non-Residential Direct Contact Remediation Standards (NJNRDCRS)
(NJAC 7:26D Appendix 1 Soil Remediation Standards Table)

Above the peat, most of the maximum metal concentrations detected in the soils exceeded
the NJIGWSSL; only arsenic, lead, and mercury exceeded the NJNRDCRS. Below the peat,
most of the maximum metal concentrations exceeded the NJIGWSSL but only arsenic
exceeded the NJNRDCRS.

Table 2-2 presents the ranges in metal concentrations in groundwater at the DHS compared
to the following:

¢ Federal maximum contaminant levels (MCLs) (posted at

http://www.epa.gov/safewater/contaminants/index.html as of June 15, 2009)
(USEPA 2009)

o New Jersey groundwater quality standards (NJAC 7:9C Appendix 1 Specific Ground
Water Quality Criteria) (NJDEP 1993a)

Above the peat, the following metals exceeded both their federal MCL and Class IIA
standard: antimony, arsenic, chromium, lead, selenium and thallium. The following metals
exceeded only their Class IIA standard: aluminum, iron, manganese, nickel, and sodium.
Below the peat, only arsenic exceeded both the federal MCL and the Class IIA standard.
The following metals exceeded only their Class IIA standard: aluminum, iron, lead,
manganese, selenium, and sodium.

Comparison of Concentrations in Soils and Groundwater at the
DHS to Concentrations in Soils and Groundwater at
Surrounding Sites

The records for the thirteen KCS listed below were requested to review information on soil
and groundwater conditions around the DHS.
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SITE OPRA
RECORD | STTE | KNOWN CONTAMINATED SITE REQUEST FILE LOCATION

1 7195 | AL WILSON CHEMICAL CO 89670 ggfep BFO-N and Main

2 21940 | SOSGASESINC 8971 | NJDEP Main Office

3 58823 | UNITED STATES POSTAL SERVICE PROCESSING CENTER | 89673 | NJDEP BFON

4 67236 | BERGEN METAL COMPANY 89675 | NJDEP Main Office

5 56730 | CENTRAL SALVAGE CO 89677 | NJDEP Main Office

6 719 | DREW CHEMICAL CORP 89678 | NJDEP Main Office

7 7142 | KEARNY SMELTING & REFINING COMPANY 89679 | NJDEP Main Office

8 66216 | DIAMOND HEAD OIL REFINERY DIVISION SITE | Not Required

9 105325 | TRANSCONTINENTAL GAS PIPELINE VALVE PASSAICR | 8981 | NJDEP Main Office

10 7197 | B & L OIL CORPORATION 89683 | NJDEP Main Office

1 6649 | MUNICIPAL SANITARY LANDFILL AUTHORITY (MSLA) | 92281 | NJDEP Main Office

12 32131 | CAMPBELL FOUNDRY CO soess | oror PrON and Main

13 66488 | KEEGAN LANDFILL 89731 | NJDEP Main Office

14 7206 | PORT-O-SAN CORP 89732 | NJDEP Main Office
Notes:

BFO-N - Bureau of Field Operations - North, located at 7 Ridgedale Ave, Cedar Knolls, NJ
NJDEP Main Office is located at Bldg 401, E. State Street, Trenton, NJ.

File omissions for the following two sites reduced the available information to eleven sites:

e SOS Gases, Inc - the file provided by the NJDEP was actually for the Weldon Asphalt
Company. While the Weldon Asphalt Company is situated in the area of interest around
the DHS, the file did not contain soil and groundwater data.

e A.L. Wilson - the file did not contain metals data for either soils or groundwater.

Six of the eleven sites had information on metal concentrations in groundwater, all eleven
sites had information on metals in soils.

Table 2-3 provides an overview of the available information on metal concentrations in soils
and groundwater at each of the reviewed KCS. Of note, the available information was not
consistent for constituents across all sites.

Soils

Above the peat, eight of the nine surrounding KCS with available information on arsenic
concentrations in soils exhibit ranges in concentrations that were at least one order of
magnitude lower than the ranges observed at the DHS. Conversely, B&L Oil Corporation
reported significantly higher ranges in arsenic concentrations than found at DHS. Below the
peat, only one site had information on arsenic concentrations (Kearny Smelting and
Refining Company) and the concentrations were lower than found below the peat at the
DHS. :
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For lead above the peat, eight of the eleven surrounding sites with available information on
lead concentrations in soils exhibit ranges in concentrations that were at least one order of
magnitude lower than the ranges observed at the DHS. Three of the eleven surrounding
sites exhibited ranges in lead concentrations that were comparable to the Diamond Head
site. Below the peat, two sites had information on lead concentrations (Kearny Smelting and
Refining Company and Keegan). At Kearny Smelting, the range in lead concentrations was
one order of magnitude lower than at the DHS; at Keegan, the range of concentrations was
two orders of magnitude higher than at the DHS.

Groundwater

Above the peat, four of the six surrounding sites with available information on arsenic
concentrations in groundwater exhibit ranges in concentrations that were one order of
magnitude lower than the ranges observed at the DHS; the two remaining sites exhibit
ranges in concentrations similar to the DHS. Below the peat, only two sites had information
on arsenic concentrations (Kearny Smelting and Refining Company and MSLA). At Kearny
Smelting, the range in arsenic concentrations was one order of magnitude higher than at the
DHS; at MSLA, the range of concentrations was similar to the DHS.

For lead above the peat, five of the seven surrounding sites with available information on
lead concentrations in groundwater exhibit ranges in concentrations that were at least one
order of magnitude higher than the ranges observed at the DHS. Two of the seven
surrounding sites exhibited ranges in lead concentrations that were comparable to the
Diamond Head site. Below the peat, two sites had information on lead concentrations
(Kearny Smelting and Refining Company and MSLA). At Kearny Smelting, the range in
lead concentrations was similar to the DHS; at MSLA, the range of concentrations was two
orders of magnitude higher than at the DHS.

Comparison of Concentrations in Soils and Groundwater at the
DHS to Background Concentrations

Soils

Table 2-5 presents the ranges of background metal concentrations in soils expected for New
Jersey’s urban setting based on the 1993 and 2003 studies. Appendix A compares the metal
concentrations in soils from the Phase 1 RI to the background concentrations in Table 2-5.
Because both the 1993 and 2003 studies are for surficial soils (0-12 inches and 0-6 inches,
respectively), the onsite soil data used for the comparison was constrained to depths up to 5
feet. This is because there are few surficial soil samples at the site and with the reworking of
the site during the demolition activities and the constructions of 1-280, it was assumed that
soils up to 5 feet could have been exposed at the surface at one time or another.

All of the DHS sampling locations exceeded the background concentrations for multiple
metals including arsenic and lead. The comparison indicated that the concentrations of
metals (including arsenic and lead) at the DHS are generally higher than background
concentrations in soils expected in urban New Jersey setting.
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Groundwater

As previously noted, this evaluation focuses on the following 5 metals: iron, manganese,
arsenic, lead and sodium.

Table 2-6 presents the ranges of concentrations at which metals were detected in
groundwater at the DHS (above and below the peat, referred collectively as the surficial
water bearing unit) and the ranges of corresponding concentrations in the underlying
Stratified Drift and Brunswick Aquifers based USGS NWIS database.

Appendix B and C summarize general groundwater quality parameters for the surficial
water bearing unit at the DHS (above and below the peat). This information was used to
develop piper plots to show the basic chemistry of the water in each of the 3 aquifers and
allow comparison between the aquifers (Figure 2-1) as well as equilibrium phase diagrams
for the constituents of interest (Figures 2-2 to 2-9). Appendix D contains the USGS water
quality data which was used to develop the ranges of metal concentrations in the Stratified
Drift and Brunswick Aquifers.

¢ Concentrations of nearly all metals including arsenic, iron, lead, manganese and sodium
appear generally higher in groundwater samples from the surficial zone above the peat
then below the peat. In turn, the concentrations of these metals in the surficial water
bearing unit appear higher than in the underlying Stratified Drift and Brunswick
Aquifers (Tables 2-6). These conditions are expected in urbanized areas underlain by a
highly heterogeneous subsurface comprising anthropogenic fill, marsh deposits, and
peat beds.

Sodium

¢ Sodium concentrations in the surficial water bearing unit at DHS range up to 656 mg/L
(Table 2-2) exceeding the New Jersey Class IIA groundwater quality standards (NJDEP
1993b). Samples from the surficial water bearing unit, the Stratified Drift Aquifer, and
Brunswick Aquifer exhibit sodium as the predominant cation in groundwater with
sodium chloride, sodium sulfate, or sodium mixed anion-type waters (Figure 2-1 Piper
plots, and Appendix B).

¢ Elevated sodium concentrations appear consistent with a history of saltwater intrusion
in the aquifers beneath the area where the Passaic River enters Newark Bay. Chloride
concentrations mapped in a 1951 study (Herpers and Barksdale, 1951) ranged up to
2,000 mg/L just south of DHS, and 500 to 1,000 mg/L beneath the site. Thus, sodium
concentrations in groundwater at DHS coincide with local saltwater intrusion identified
in 60 year-old study. Areally, chloride (and probably sodium) concentrations subside
west of DHS to less than 25 mg/L.

Iron and Manganese

¢ Iron and manganese concentrations are common trace metals, and frequently reflect
natural physiochemical conditions (pH, oxidation-reduction (Eh) potential) in
groundwater, rather than anthropogenic activities. Although iron, and to a lesser extent
manganese concentrations, appear greatest in the surficial water bearing unit beneath
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DHS, concentrations in the Stratified Drift and Brunswick Aquifers also exceed the Class
IIA standards (Table 2-6).

An evaluation of physiochemical conditions at DHS shows elevated iron concentrations
consistent with the circum-neutral pH, and relatively reducing groundwater (Figure 2-2
Iron Phase diagram). Equilibrium iron concentrations range up to 56,000 ug/L, slightly
less than observed concentrations.

Elevated iron can arise from the biodegradation of hydrocarbons, but also occurs in
marshy, naturally carbon-rich units, like the surficial water bearing unit beneath DHS.

pH/Eh data was absent for the Stratified Drift Aquifer in the USGS/NWIS database.

Iron concentrations in samples from the Stratified Drift Aquifer consistently exceeded N]J
Class IIA standards.

Consistent with equilibrium conditions, the Brunswick Aquifer exhibited the lowest iron
concentrations of the three aquifer/water bearing units. However, several samples still
exceeded the Class IIA standard.

The strong correlation between actual and equilibrium-predicted concentrations for iron
in an aquifer unaffected by anthropogenic contaminants (Brunswick Aquifer)
demonstrates that the origin iron is influenced by natural physiochemical conditions. A
similar correlation is apparent for the surficial water bearing unit beneath DHS,
suggestive of a natural origin for elevated iron concentrations.

Manganese concentrations exhibited a similar pattern as iron. pH/Eh conditions
correlate closely with manganese concentrations in individual samples at DHS (Figure 2-
4 Manganese Phase diagram DHS) with equilibrium concentrations ranging over 5,500

ug/L.

Although data from the Stratified Drift Aquifer was absent, manganese concentrations
from samples in the Brunswick Aquifer appeared consistent with physiochemical
conditions (Figure 2-5 Manganese Phase diagram Brunswick Aquifer).

Manganese concentrations in all three units exceeded the Class IIA Standard.

Similar to iron, the correlation of actual and equilibrium concentrations, and pervasive
elevated concentrations in samples from the three aquifer suggests a natural origin for
manganese.

Arsenic

Arsenic concentrations in groundwater samples from the surficial water bearing unit
beneath DHS ranged from less than laboratory method detection limits (MDL) to over
160 ug/L (Table 2-4), although many samples exhibited low concentrations between 1
and 5 ug/L.

With the exception of two samples, equilibrium conditions suggest arsenic occurs as a
dissolved arsenate complex in the surficial water bearing unit at the DHS (H2AsO4 or
HAsOyg; Figure 2-6 Arsenic Phase diagram DHS).

10
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The occurrence of arsenate in comparison to arsenite complexes in the surficial water
bearing unit implies distinct behaviors in regard to arsenic solubility, potential mineral
precipitation, adsorption, reaction with natural organic materials, and treatment
considerations. In addition, arsenate is generally considered less toxic than arsenite to
humans and the environment (O'Day et Al, 2007).

Arsenic concentrations in samples from the Stratified Drift Aquifer ranged from above
the MDL to 6.3 ug/L, exceeding the NJ Class IIA standard (Table 2-6).

Similar to the Stratified Drift Aquifer, arsenic concentrations in samples from the
Brunswick Aquifer ranged from above the MDL's to 7 ug/L, exceeding the NJ Class IIA
standard (Table 2-6). Studies conducted by NJDEP (Spayd, 2005) have encountered
naturally occurring arsenic at concentrations up to 160 ug/L in samples from the
Brunswick Aquifer.

Similar to the surficial water bearing unit beneath DHS, equilibrium relationships
indicate arsenic occurs mostly as an arsenate complex in the Brunswick Aquifer (Figure
2-7 Arsenic Phase diagram Brunswick Aquifer)

Lead

Lead concentrations in groundwater samples from the surficial water bearing unit
beneath DHS ranged from less than the MDL to over 350 ug/L, but concentrations from
most samples were around the NJ Class IIA standards of 5 ug/L.

Lead concentrations in groundwater appeared consistent with equilibrium conditions
(Figure 2-8 Lead Phase diagram DHS) suggesting lead should occur as a dissolved ion,
rather than a precipitated lead oxide mineral in the surficial water bearing unit.

Lead concentrations in samples from the Stratified Drift Aquifer were less than the
MDLs. By comparison, lead concentrations in the Brunswick Aquifer ranged up to 20
ug/L, greater than the NJ Class ITA standard, and Federal MCL.

Similar to the surficial water bearing unit beneath DHS, physiochemical conditions in
groundwater from the Brunswick Aquifer indicated lead occurred as a dissolved ion,
rather than an oxide precipitate (Figure 2-9; Lead Phase diagram Brunswick Aquifer).

Equilibrium conditions in the surficial water bearing unit and Brunswick Aquifer appear
favorable for the occurrence of dissolved lead in groundwater.

1
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Conclusions

The overall conclusions, based on the studies reviewed as part of this evaluation, are as
follows:

Soils

The range of arsenic concentrations in soils above the peat was an order of magnitude
higher at the DHS compared to 8 of the 9 surrounding KCS with available data on
arsenic. Similarly, the range of lead concentrations in soils above the peat was an order
of magnitude higher at the DHS than 8 of the 11 surrounding KCS with available data
on lead. Maximum lead concentrations at the remaining 3 sites were comparable to
DHS.

Below the peat, only one site had information on arsenic concentrations and the
concentrations were lower than found below the peat at the DHS. For lead below the
peat, data was available for two sites. The range in lead concentrations below the peat at
the DHS was higher than the range at one of the sites and lower than the range at the
other site.

The concentrations of multiple metals (including arsenic and lead) in shallow soils at the
DHS exceeded the concentrations for these metals expected in soils in comparable urban
New Jersey setting.

Based on comparison to available data, while the surrounding KCS and urbanized areas
contain metals in soil at elevated concentrations, the concentrations observed at the DHS
are generally higher than the comparison sites.

Groundwater

Groundwater at the reviewed KCS, including DHS, exhibited concentrations of arsenic,
iron, manganese, and lead in the surficial water bearing unit above the Class I1A
Standards (Table 2-4).

Concentrations of arsenic in groundwater from the surficial water bearing unit at DHS
(above and below the peat) were generally higher or similar to those found at the
reviewed KCS. The concentrations of arsenic below the peat at one of the reviewed sites
were higher than the concentrations of arsenic at the DHS.

Concentrations of lead in groundwater from the surficial water bearing unit at DHS
(above and below the peat) were generally lower or similar to those found at the
reviewed KCS.

Concentrations of arsenic, iron, lead, and manganese also exceeded the Class IIA
standards in the Stratified Drift (except for lead) and Brunswick Aquifers.
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SECTION 3—CONCLUSIONS

Concentrations of nearly all metals including arsenic, iron, lead, manganese and sodium
were generally higher in the surficial water bearing unit at DHS than in the underlying
Stratified Drift and Brunswick Aquifers (Tables 2-6). These conditions are expected in
urbanized areas underlain by a highly heterogeneous subsurface comprising
anthropogenic fill, marsh deposits, and peat beds.

Maximum arsenic concentrations in the surficial water bearing unit beneath DHS were
higher than those in the Stratified Drift and Brunswick Aquifers; as noted, the maximum
arsenic concentrations exceeded the Class IIA Standards in all three units.

Maximum lead concentrations in the surficial water bearing unit beneath DHS were
higher than those in the Stratified Drift and Brunswick Aquifers; however, the lead
concentrations in the Brunswick Aquifer were higher than in the Stratified Drift Aquifer.
As noted, the lead concentrations in the surficial water bearing unit and the Brunswick
Aquifer were above the Class IIA standards.

Equilibrium conditions indicate that lead should occur as a dissolved ion in
groundwater samples from the surficial water bearing unit at DHS, and the Brunswick
Aquifer rather than an oxide precipitate.

Equilibrium conditions (with the exception 2 samples) suggest that arsenic occurs as a
dissolved arsenate complex in the surfical water bearing unit at DHS and the Brunswick
Aquifer. The occurrence of arsenate implies specific mobility behavior for arsenic in
groundwater in regard to abiotic and biotic geochemical processes during transport.

The elevated sodium concentrations at the DHS coincide with historical saltwater
intrusion into the subsurface beneath the area surrounding the inlet of the Passaic River
to Newark Bay.

Generally, elevated iron and manganese concentrations from the surficial water bearing
unit at DHS and the Brunswick Aquifer appeared consistent with equilibrium
conditions established by pH and Eh measurements suggestive of natural conditions.

Based on review of the available data for the metals of interest in this evaluation, data is
suggestive of natural conditions for iron and manganese in the surficial water bearing
unit. Lead is observed at concentrations lower than or equal to the surrounding KCS but
arsenic is observed at concentrations higher than or equal to the concentrations at the
surrounding sites. '

It should be noted that in addition to these 4 metals, the following metals were also
found above standards / criteria in groundwater beneath the DHS, although the
occurrences of exceedances were not as frequent as the above 4 metals: antimony,
chromium, nickel, and thallium.
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Table 2-1. Ranges of Metal Concentrations in Soils at the Diamond Head Site
Diamond Head Oil Superfund Site, Kearny, NJ

Soll Concentration Above Peat

Soll Concentration Below Peat

(A) (B)
Metal NJIGWSCC |NJNRDCRS
(mg/Kg) (mg/Kg) Minimum Maximum Minimum Maximum
Concentration Valil:li:;ors Concentration Val::;ors Concentration Valli:c::;ors Concentration Val::;ors
(mg/Kg) (mg/Kg) (mg/Kg) (mg/Kg)
Aluminum 3,900 1,260 708,000 Y DJ 5,640 " 20,100 7 J
Antimony 6 450 0.28 J 380"’ J 1.1 J 5.6 J
Arsenic 19 19 0.86 J 477 7 J 1.2 J 20.2 "
Barium 1,300 59,000 14.4 J 7,940 " 10 J 182
Beryllium 140 0.089 J 21.7 0.22 J 0.97 J
Cadmium 1 78 0.062 J 49.3 %Y 0.06 J 347
Calcium 742 255,000 D 366 J 10,200 J
Chromium 4.8 22,300 J 9 118
Cobalt 59 590 2 J 3157 J 3.7 J 14.3
Copper 7,300 45,000 6.1 19,600 \" J 4.8 J 222
fron 2,890 201,000 J 8,090 J 34,200 J
Lead 59 800 2 37,200 i 2.6 310"
Magnesium 655 125,000 J 1,680 J 11,200
Manganese 42 5,900 33.8 2470 J 52.6 " 732" J
Mercury 0.1 65 0.06 J 1487 0.07 J 3.7 70
Nickel 31 23,000 4.3 J 1,560 J 8.7 468" _
Potassium 229 J 19,600 J 674 J 3,750 J
Selenium 0.7 5,700 0.69 J 67.4"
Silver 1 5,700 0.19 J 318" 0.08 J 2" J
Sodium 38.7 J 13,500 J 161 J 1,030 J
Thallium 3 79 0.18 J 213" J 0.71 J 2.9 J
Vanadium 1,100 4.2 J 6,770 13.3 39.5
Zinc 600 110,000 21.1 J 63,700 Y J 14.7 J 512 J
Notes:

J - Estimated value

DJ - Result is from a dilution and is estimated
™ . New Jersey impact to Groundwater Soil Screening Levels (NJIGWSSL) - default values (available at http://www.state.nj.us/dep//srp/guidance/rs/partition_equation.pdf; last

revised December 2008)

® _ New Jersey Non-Residential Direct Contact Remediation Standards (NJNRDCRS) (NJAC 7:26D Appendix 1 Soil Remediation Standards Table)

Soil samples collected at SB-MW-10D, SB-MW-11D, SB-MW-13D and SB-MW-15D below 14 feet were used to determine maximum and minimum concentrations of metal analytes.
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http://www.state.nj.us/dep//srp/guidance/rs/partition_equation.pdf

Table 2-2. Ranges of Metal Concentrations in Groundwater at the Diamond Head Site
Diamond Head Oil Superfund Site, Kearny, NJ

Groundwater Concentration Above Peat

Groundwater Concentration Below Peat

(8)
(A) Federal
Metal MCL NJ Class
{ug/L) l:: ?S’ Minimum Validat Maximum Validat Minimum Validat Maximum Validat
9 Concentration a Fla ors Concentration a Fla ors Concentration a Fla ors Concentration a Fla ors
(ug/L) 49 (uglL) a9 (uglL) ad (uglL) a9
Aluminum 200 6.9 J 4,540 © 76.5 J 380 ©
Antimony 6 6 0.56 J 11.5 D J 0.64 J 1 J
Arsenic 10 3 2 J 161 70 23 J 3.3 PO J
Barium 2,000 6,000 5.8 J 935 30.3 J 381
Beryllium 4 1 no detects no detects 0.11 J 0.34 J
Cadmium 5 4 0.11 J 2.9 no detects no detects
Calcium 26,900 345,000 43,700 95,700
Chromium 100 70 3.3 J 3,590 70 J 13.2 27.6 J
Cobalt 0.28 J 11.7 J 1.7 J 6.2
Copper 1,300 1,300 35 J 359 3.8 J 62.8 J
fron 300 122 32,300 1,270 ® 16,800
Lead 15 5 0.69 J 353 00 1.2 55
[Magnesium 9,140 113,000 68,100 134,000
Manganese 50 25 4,520 1210 J 1,270 J
Mercury 2 2 0.04 J 0.53 no detects no detects
Nickel 100 7.3 J 1710 3.9 J 14.9 J
Potassium 1,660 J 111,000 35,700 52,900
Selenium 50 40 35 J 490 7O 23 J 240 ® J
Silver 0.1 J 0.11 J no detects no detects
Sodium 50,000 11,200 614,000 © J 263,000 656,000 ® _
Thallium 2 2 0.66 J 16.7 ] no detects no detects
Vanadium 0.32 J 669 24.8 J 1,950 J
Zinc 2,000 0.78 J 356 16.9 J 22.3 J
Notes:

J - estimated value

W . Federal maximum contaminant levels (MCLs) (posted at http://www.epa.gov/safewater/contaminants/index.ntml as of June 15, 2009} (USEPA 2009)
B _ New Jersey groundwater quality standards (NJAC 7:9C Appendix 1 Specific Ground Water Quality Criteria)
Includes review of detected concentrations of metals in unfiltered groundwater samples collected at purged wells in 2003 and 2009.
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Table 2-3. of d Known Ci d Sites Around the DHS
Diamond Head Oil SMpsrlund Sito, Kearny, NJ
Non-Metal Assenic Lead Other Metals of Concern Other Metals of Concern
Lead
Site Name Address Program Potential Contamination Sources
Soil aw Soil GwW Soil aw Soil Groundwater
N inium, antimorty, inum, animony, chromium, iron,
xmrymsim 1401 Harrison Ave |  BCM VOCs, SVOCs, Pesticides| i 3 nickel, sodium and
Petroleumn roduets and PCBs VOCs, SVOCs |Yes Yes Yas Yos and ricket thallium
AL Wilson Chsmicd Co 1050 Harrison Ave il & IVOCS, TPHs VOCs NS NS NS NS NS NS
|SOS 1100 Harison Ave tem; files p epoits Asphalt Company.
United States Postal
1200 Harrison Ave
Service Processing Center ves  fYes |Yes  |Yes |z zinc and nickel
Bergen Metal Company | Foot of Bergen Ave N NS ves  Ins Chromium and zing Ins
[Central Salvage Co 1221 Harrison Ave
No Yes Yes Yas [Cadmium [Cheormium, mercury and nickel
Antimony, berylium, cadmium,
Drew Chemical Corp 1106 Hamison Ave | BISR  |Chemical of water VOCs, SVOCs, DRO, chromium, copper, mercury, nickel,
[Historica fill. No.2 Fuel of and diesel fuel. PCBs VOGs [Yes INA Yes NA selenium. silver and zinc JNA
No 4 Fuel il pump leak; light bulb waste with nickel
N . steel for leading -in wires, and nickel plated marine
msmm & Refining 936 Hanison Ave BCM  |lighting systems. Fill with industrial wastes (ash, slag, Antimony, berflium, cadmium,
"y cinders, solid manufacturing wastes, building rubble, chromium, copper, mercury, nicket,
and construction site rock and soil. TPHs, PAHs, PCBs Phenanthrene _|Yes Yos. Yes Yes silver and zinc |Nickel
Velve area may ave potential PCB impacts due to Aluminium, antimony, barium, beryllium,
ranscontinental Gas interconnections with other natural gas transmission calcium, chromium. coball, coppey, iron,
Pipetine Valve Passaic A Block 284 Lot 18A | BCM  |systems. Transco did not use PCB lubricating olls In it's magnesium, manganese, mefcury,
transmission systems. Petroleumn based hubricants for nickel, potassium, sodium, vanadium
maintenance at the facity. None NS [Yes NS Yes NS and zinc NS
1215 j j ] ] ON, POtassium, Zinc,
B & L Ol Corporation 10 1219 Rt 508 BOMM |Transformer removal. Leaky valve asociated with VOCs, SVOCs including [Antimony, berylium, cadmium, mercury, jmagnesium, manganese, nickel,
former AST: diesel spill; PAHs, PCBs, TPHC Benzene [Yes NR Yes vanadium and zinc sodium and vanadium
Fil including demolition waste (41%), industrial waste
Municipal Sanitary 1500 Harrison Ave |  BIDC (29%). domestic waste {20%) and commercial waste
Landfill Authority (10%). Pool of waste oil may have been pumped onto  |VOCs. PAHs and VOCs, SVOCs, Aluminiium, barium, chromium, iron,
the landfitt during the construction of U.S. Route 280. _Pesticides Pesticides No Yes Yes Yes None m: nicke| and sodium
Storage of foundry stock. And wastes including
baghouse dusl, slag and casting sand. The baghouse
ICampbell Foundry Co 1235Harrison Ave | BFO-N |dust was listed as D006 (leachable cadmium), DOO7
ium ), and DOO8 lead) Antimony, cadmium, copper, chromium,
hazardous waste. PAHs PAHS INo Yos Yes Yos Cadmium mercury, nickel and zine
Disposal of hazardous wastes was not prohibited from {VOCs, PCBs, PAHs, [Aluminium, barium, chromium, iron and
[Keogan Landfi 437BergenAve | OBR 194010 1972 at municipal wastes. Pesticides vocs No No Yos No m Iron and zine
Fill material at site and nearby surrounding areas is
[composad of typical foundry waste, including slag,
refractory brick, casling sand and metal waste; Former
Port-0-San Corp 450 Bergen Ave BFO-N property owner {John Hewitt Foundry) is the suspected
source due to the nature of the fill material. Benzene
due te former and current gasoline and diesel fust Beryllium, copper, nickel, thallium and
USTs. PAHs, PCBs Benzene No NA [Yes NA Jzinc INA; no wells

Notes:
BFO - N - Bureau of Field Operations - Northern
BISR - Bureau of Industrial Site Remediation {formerly BEECRA}

SA - Site Assesment

BUST - Bureau of Underground Storage Tanks

BCM - Bureau of Case

Management

BOMM - Bureau of Operation, Maintenance and Management
BIDC - Bureau of Investigation, Design & Construction
OBR - Office of Brownfields Resuse

NA - Not available
NR - Not reported
NS - Not sampled
DRQO - diesel range organics

Metal results ase for unfillered samples.
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Table 2-4. Ranges of Metals C in Soil and atthe Sites
Diamond Head Oil Superfund Site, Kearny, NJ
Soil Concentration Range Above Peat Soil Concentration Range Below Peet Groundwater Concentration Range Above Poat Grourndwater Concentration Range Below Peat
8ite Name
Araanic (maKa) Lead on Manganese Sodium ( ) Lead tron Manganese Sodium Arsenic Lead ron Manganese Sodium Arsenic Lead tron Manganese Sodium
@] v | mor | ok (MO g | wore | ovg | moxw | wem (wot) ey w1 ey | ey ety oty o) ooty |
Sangardsicrions | Nutawsce: 19 | naiwsce:se | MISWSCE: |y qwsce: 4z | MISWSCE: |\ nawsce: 19 | natawsca:ss | MISWSCO: |\ nawsce: 4z | MASWSCO: | eoqcr: 10 | Fedmoti1s | FeaMoLNone | FedMCL:None | FeaMoL:Nors | FeaoL:10 | FeaMoL: 15 | FoameL: None | Fod MCL:None | Fad McL: Nane
NINRDRS: 19| NUNRDRS: 600 |NINRDRS: None| NINRDRS: 5900 [NUNRDRS: None| NUNADRS: 19| NUNRDRS: 800 |NUNRDRS: None| NUNRDRS: 5300 NUINRORS: Norel N Clase 14:3 | o Class ;5 [Ny Class ta; 300| Wactass s | "S5I8 |y ciags na: 3 | s Class a5 [N ctass a: 00f oy Giass umz 0 | ™ s b
[Diamond Head
0 Refinery Division 8,0900 to 11,200t0 263,000 t0
0.0510 4779 1210202 |26w0310 34 2000 526107320 ietiwroony fesworer 063J10353  |1221032.300  [250 4520 514,000 230633 |1210s 127010 16,800 [1219101,2700 _|es8.000
A.L. Witson Chemical Co .
s NS Ins Ins NS s s Ins Ins Ins s Ins Ins NS NS L
S0 Gases i Information was not availsble due to NJDEP fing system: fles provided by NJDEP was comprised of reports on Wekdon Asphalt Comgary which is located at 1100 Harrison Avenue, [irformation wes not avallable due to NDEP fiing systerm; files provided by NJDEP was comprisad of reports an Weldon Asphalt Company which i located et 1100 Harrisan Avenve,
[Kearny, New Jersey. [Kearny, New Jersey.
unitod States Postal
[Sarvice Processing Center '
15,110 5.91 NR N A I7.9910 20 7.110 353 R
[Bergen Metat Company
o 1810186 NR nR na | nA A
[Central Saivage Co
1.25 10 5.74 NR NR NA taroesd 296w 17900 Na
NR NR s Ina NA
Kearny Smefting &
Refining Compa
™ Company NR ) 111021 1611010%  fstosss 21101810 N o910 116
[ Transcontinertal Gas.
Pipetine Valva Passaic R
60.1 10 83.3 12,300 10 14 500 ’|_25|0 142 191 to 226 NS ‘N_S INS IN_S
8 & L Oil Corporation
116100400 [5.27103690  [304010 24600 1810 422 28210 11200 |ns Ns 52810178 [261024600 433 10 62,300 X
icipal Sanitary
Landhil Authority 200,000 to 122,000t0
131018 204t048% 789010122000 [a1.0103710  Jaraiwage0 [ns ns 20418 Joarozse0 24.2 10 221,000E |3,970,000 5810454 |s910250 4200 108,000 497103420 [8.660,000
[Campbell Foundry Co
261058 13102800 |nR N NR ns Ns 14082 38107000 |NA NR N s ns NS NS Ins
[Keegan Lanafill
NR las210 13,000 ]5,500 10 202 000]NR N Ns NR 2410 110 ns NS
Port-o-San Cop
3210108 1650109,080 |NR NR R ns NS NS Ns s Ns ns NS NS Ns NS
NA- Not avallable
NR - Not reported
NS - Not sampled

! . Borings not advanced below the meadow-mat (orgarsc/peat) layer,

2. The reported value was determined by the Method of Standard Additons (MSA)
B - estimated value

E - estimated value

J - estimated value

Stratified drift of glacial 1ili averdies the Brunswick Formation.

The aquiter is of siltstone and shale of the Brunswick Formation.
Metal results are for unfiltered samples.



Table 2-5. Ranges of Metal Concentrations Ocurring in Soil in Urban Settings

Urban Background Concentrations of Urban Piedmont Background
Metals in NJ Soils Concentrations of Metals in NJ Soils
Metal (1993 Study)' (2003 Study)®
Arithmetic Mean Median 90th Percentile
(mg/kg) Maximum :.:ml\._mﬂ (mg/kg) ABE

Aluminum NA NA 10500 14400
Antimony 0.07 0.69 <DL 3.48
Arsenic 8.26 48.9 5.2 24.2
Barium NA NA 80.6 168
Beryllium 1.07 4.09 0.51 0.82
Cadmium 0.65 2.36 <DL 0.67
Calcium NA NA 1425 3010
Chromium 12.1 24.6 18.5 29.9
Cobalt NA NA 6.3 10.4
Copper 42.2 143 29.5 75.5
Iron NA NA 14600 20000
Lead 177.7 617 111 297
Magnesium NA NA 2190 4614
Manganese 335 952 311 859
Mercury 0.5 2.71 0.18 0.63
Nickel 16.6 53.8 12.4 24.6
Potassium NA NA 693 1524
Selenium 0.06 0.15 0.41 0.71
Silver 0.24 1.53 <DL 0.86
Sodium NA NA 90.1 141
Thallium 0.1 0.46 <DL 0.25
Vanadium 22.6 46.1 29.6 41.7
2Zinc 162.3 789 75.3 162

Notes:

' - A Summary of Selected Soil Constituents and Contaminants at Background Locations in New Jersey (NJDEP,
September 1993) .

2. Ambient Levels of Metals in New Jersey Soils, NJDEP Division of Science Research and Technology (Sanders,
May 2003)

DL - detection limit

NA - not available
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Table 2-6. Ranges of Metal Concentrations in Surficial Groundwater at the Diamond Head Site and in the Underlying Stratified Drift and Brunswick Aquiters.

Diamond Head Oil Superfund Site, Kearny, NJ

Surficial Aquifer Sutficlal Aquifer
(A) Federal (8) Groundwater C lon Above Peat Groundwater Concentration Below Peat Stratified Drift Aquiter Brunswick Aquifer
NJ Class
Metal MCL 1IA Std
{ug/L) Minimum Maximum Minimum Maximum Minimum Maximum Minimum Maximum
(uglt) Concentration Valchlla lors Concentration v"::::'ors Concentration Valii:ttors Concentration Val::::tors Concentration | Concentration | Concentration | Concentration
(ugi) 8 (ug) 9 (ugiL) 9 (ugly) 9 (ugll) (uglL) (uglh) (ugl)

Aluminum 200 6.9 J 4540 76.5 J 380" 32 216 K 5
Antimony [ [] 0.56 J 115 J 0.64 J 1 J 0.10 1.29 0.07 0.15
Arsenic 10 3 2 J 161 2.3 J 63.3 J 1.26 6.3™ 0.2 70
Barium 2,000 6,000 6.8 J 935 30.3 J 381 28 351 77 380
[Beryliium 4 1 no detects no detect: 0.11 J 0.34 J 0.02 0.16 0.005 0.25
Cadmium 5 4 0.11 J 29 no detecls detect: 0.02 1.15 0.04 0.5
Calcium 26,900 345,000 43,700 95,700 35.2 342 62 620
Chromium 100 70 3.3 J 3,590 il J 13.2 27.8 J 0.256 1.4 0.06 2.5
Cobalt 0.28 J 11.7 J 1.7 J 6.2 NR NR 1.5 1.5
Copper 1,300 1,300 3.5 J 359 3.8 J 62.8 J 0.6 2.3 0.5 5
Iron 300 122 32,300 [l 1,270 o 16,800 © 3 10@00” 0 3,700 L
Lead 15 5 0.69 J 353 1.2 50 0.04 0.06 0.04 207
Magnesium 9,140 113,000 68,100 134,000 14.9 46.5 6.4 185
[Manganese 50 2.5 4,520 &l 121 J 1,270 J 1340 (B) 4900 (B 0.5 750 (B)
Mercury 2 2 0.04 J 0.53 no detects no detects 0.005 0.01 0.005 0.05
Nickel 100 7.3 J TRk 3.9 J 14.9 J 0.93 24.5 0.99 5
Potassium 1,660 J 111,000 35,700 52,900 1.3 115 1 166
Selenium 50 40 3.5 J 490 23 J 240M J 0.12 251 2.8 3.1
Silver 0.11 J 0.1 J no detects no detects 0.05 0.1 0.05 2
Sodium 50,000 11,200 614,000 i J 263,000 B 656,000 52.6 142 1.1 7.5
Thallium 2 2 0.66 J 18779 no d no det 0.02 0.02 0.02 0.02
Vanadium 0.32 J 669 24.8 J 1,950 J NR NR 3 23
Zinc 2,000 0.78 J 356 16.9 J 22.3 J 1.2 43.5 0.9 290
Notes:
J - estimated value
NR - Not reported
" - Federal maximum contaminant levels (MCLs) {p d at hitp://www.epa. fcontaminants/index.htmi as of June 15, 2009) (USEPA 2009)

- New Jersey groundwater quality standards (NJAC 7:9C Appendix 1 Specmc Ground Water Quality Criteria)
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Source: Hagstrom Union/Hudson/Essex County Atlas, 1990
Hudson County, Page 5, Grid C-7
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Figure 1-1

Diamond Head Oil - Site Location Map
Vacant Lot: East of Campbell Foundry - 1235 Harrison Ave.

See Also: USGS 7.5' Quadrangle: Elizabeth, NJ: Photorevised 1981 Kearny, NJ 07032 (Hudson County)
400 44' 50" lat., 74° 07’ 55.9” long. (NAD 83)
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Figure 2-1A. Piper Plot for
Surficial Water Bearing Unit
at the DHS
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Ca + Mg 100%
SO, + Cl 100%

Figure 2-1B. Piper Plot for
Stratified Drift Aquifer
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Figure 2-1C. Piper Plot for
Brunswick Aquifer
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Figure 2-3. Iron Phase Diagram for Brunswick Aquifer
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Figure 2-5. Manganese Phase Diagram for Brunswick Aquifer
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Figure 2-8. Le:;d Phasé Diagram -for Surficial Water Bearing
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Figure 2-9. Lead Phase Diagram for Brunswick Aquifer
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Soil at DHS to Background Concentrations of Metals in NJ
~ Soils



Appendix A
Comparison of 2003 Concentrations of Metals in Subsurface Soil at DHS to Background Concentrations of Metals in NJ Soils
Diamond Head Oil Superfund Site
Kearny NJ
A | 8 | ¢ [ o | E [ fF Je 1 | L N | 0
3 Phase 1 Ri Soll Data (2003)
Analytical
Group /.  below|
| Sempling | ground Concentration
4 Location Location Metal | surface (ft) | Sample Number
& [oB27 L Aluminum 3-4 -27-03-04-1 !ﬁ% J
W METAL Antimony 3-4  SB27-03-04-1 512
8| METAL Arsenic 3-4  SB27.03.041 194 J
ER METAL Manganese 3-4  SB-27-03-04-1 150 J
(10 METAL Nickel 3-4  S$B-27-03-04-1 114 J
(TT|SB37 METAL ATuminum 75 SB31.04051 74600
17 METAL Antimony 4-5  SB-31.04-05-1 61.2J
13 METAL Arsenic 4-5  SB-31-04-05-1 242
17} METAL Lead 4-5  SB-31-04-051 120
15| METAL Manganese 4-5  SB-31-04-05-1 279
16} METAL Mercury 4-5  SB-31.0405-1 0374
17} METAL Nickel 4-5  SB-31-04-05-1 135
18 |SB-33 METAL Aluminum T-3  SB.33.01-031 70500
19 METAL Antimony 1-3  SB33.01-03-1 212
20| METAL Lead 1-3  SB-33-01-03-1 1500
[21] METAL Manganese 1-3  S$B-33-01-03-1 692
[77] METAL Nickel 1-3  SB-33-01-03-1 114
| 23 |5B3a METAL Aluminum -3 SB34.01-031 723000 J
24| METAL Antimony 1-3  SB-34-01-03-1 2024
75 METAL Cadmium 1-3  SB-34.01-03-1 484
126 METAL Cobalt 1-3  SB34-01-031-D 259 J
27 METAL Manganese 1-3  $B-34-01-03-1 898 J
28] METAL Mercury 1-3  SB-34-01-03-1 0.16 J
29 METAL Nickel 1-3  SB-34-01-03-1 1550 J
30} METAL Silver 1-3  SB-34.01-031 10.6 J
31} METAL Thallium 1-3  $B-34-01-03-1-D 139 J
37} METAL Zinc 1-3  SB-34-01-03-1 1570 J
33 EE» METAL Aluminum 2.4 5B-36:02.041 76300
(37} METAL Cadmium 2-4  SB-36-02-04-1 39.3
35 METAL Lead 2-4  S$B-36-02-04-1 1480
136 METAL Manganese 2.4  SB-36-02.04-1 841
| 37] METAL Mercury 2-4  SB-36-02-04-1 0.69 J
38 | METAL Nickel 2-4  SB-36-02-04-1 87.2
39| METAL Silver 2-4  SB-36-02-04-1 194
40| METAL Thallium 2-4  SB-36-02-04-1 37
[T METAL Zinc 2-4  SB-36-02-04-1 1710
[ 42 JSB-MwW-065 METAL Aluminum 75 SB-MW-065-04-05-1 3050
23] METAL Lead 4-5  SB-MW-065-04-05-1 225
47| METAL Manganese 4-5  SB-MW-065-04-05-1 104
45} METAL Mercury 4-5  SB-MW-065-04-05-1 234
4% |SB-MW-075 METAL __ Aluminum 2.3 SB-MW-075.02.031 31100
47} METAL Cadmium 2-3  SB-MW-075.02-03-1 5
48] METAL Cobalt 2-3  SB-MW-07S-02-03-1 159
147} METAL Lead 2.3 SB-MW07S.02031 316
50} METAL Manganese 2-3  SB-MW-075-02-03-1 867
| 51| METAL Mercury 2-3  SB-MW-075-02-03-1 0.81J
57 METAL Nickel 2.3  SB-MW-07S-0203-1 595
53] METAL Thallium 2-3  SB-MW-075.02-03-1 9.2
g_pss»mw.mo METAL Aluminum 4-5  SB-MW-10D-04-05-1 11900
METAL Antimony 4-5  SB-MW-10D-04-05-1 714
56 METAL Cadmium 4-5  SB-MW-10D-04-05-1 14
[57] METAL Lead 4.5  SB-MW-10D-04-05-1 1100
|58 | METAL Manganese 4-5  SB-MW-10D-04-05-1 891
59| METAL Mercury 4-5  SB-MW-10D-04-05-1 0.23
60| METAL Silver 4-5  SB-MW-10D-04-05-1 1210
[61] METAL Thallium 4-5  SB-MW-10D-04-05-1 32
[BZ |SB-MW-128 METAL Aluminum 2-3  SB-MW-125.02:03-1 15600
63| METAL Cadmium 2-3  SB-MW-125-0203-1 144
54 METAL Lead 2-3  SB-MW-125-02-03-1 1520
| 55 | METAL Manganese 2-3  SB-MW-125.02-03-1 352
166 | METAL Mercury 2.3 SB-MW-125.02-03-1 114
[ G7 [SB-MW-13D METAL ATGmimum 2-3  SB-MW-13D-02-03-1 130 J
| 58 | METAL Lead 2-3  SB-MW-13D-02.03-1 1150 J
| 69 | METAL Manganese 2.3 SB-MW-13D-02-03-1 109 J
|70 METAL Mercury 2-3  SB-MW-13D-02-03-1 0.28
71} METAL Aluminum 5.6  SB-MW-13D-05-06-1 20000 J
[ 72 |SB-MW-14S METAL Aluminum 2-3  SB-MW-148.02-031 5610 J
METAL Manganese 2.3 SB-MW-148-02.03-1 163
SB-MW-15D METAL Aluminum 4-6  SB-MW-15D-04-06-1 17900
METAL Antimony 4-6 SB-MW-15D-04-06-1 844
METAL Arsenic 4-6  SB-MW-15D-04-06-1 48
METAL Cadmium 4.6 SB-MW-15D-04-06-1 14.2
METAL Lead 4-6  SB-MW-15D-04-06-1 756
METAL Manganese 4-6  SB-MW-15D-04-06-1 354
METAL Mercury 4-6  SB-MW-15D-04-06-1 6.1
METAL Nickel 4-6  SB-MW-15D-04-06-1 112
METAL Sitver 4-6  SB-MW-15D-04-06-1 5J
METAL Thallium 4-6  SB-MW.-15D-04-06-1 3.3J
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Appendix A

Comparison of 2003 Concentrations of Metals in Subsurface Soil at DHS to Background Concentrations of Metals in NJ Soils
Diamond Head Oil Superfund Site

Kearny NJ
A [ s e I B | 3 F |6 |

KL METAL Zinc 46 SB-MW-15D-04-06-1 3980 75.3] 162]
85 |SB-PZ-14 METAL Aluminum 2-3  OB-PZ1402031 6720 J 10500 14400
86 | METAL Cadmium 2-3  SB-PZ14.02031 2y <L 067
87] METAL Lead 2-3  SB-PZ-14.02:03-1 1710 J 111 297
88 METAL Manganese 2-3  SB-PZ-14-02-031 2394 311 859
89} METAL Mercury 2-3  SB-PZ14.0203-1 0.48.J 0.18| 0.63
90 [SBPZ16 METAL Aluminum 4-5  SBPZ1604051 13900 10500 14400
9T METAL Antimony 4-5  SBPZ1604051 394 <L 3.48)
[97] METAL Cadmium 4.5  SB-PZ-16-04-05-1 24 <DL 0.67
93| METAL Cobalt 4-5  SB-PZ16-04-05-1 78.6 63 104
LY METAL Lead 4.5  SB-PZ1604.051 1370 11 297
95 | METAL Manganese 4-5  SB-PZ-16-04-05-1 502 311 859
196 | METAL Mercury 4.5  SB-PZ-16-04-05-1 0.42 0.18] 0.63]
197} METAL Nickel 4-5  SB-PZ-16-04-05-1 2614 124 24.6
[ 08| METAL Selenium 4-5  SB-PZ-16-04-05-1 8.3 041 071
99} METAL Thallium 4-5  SB-PZ-16-04-05-1 3.74 <DL 0.25
PLA7 WETAL Tominum T-2  SB-PZ1701:021 70500 10500 14400

METAL Antimony 1-2 SB-PZ-17-01-02-1 104 <DL 3.48]

METAL Arsenic 1.2 SB-PZ17-01-021 35.1 5.2] 24.2)

METAL Cadmium 1.2 SB-PZ1701-021 33 <o 067

METAL Lead 1-2  SB-PZ-17-01-021 804 111 297

METAL Manganese 1-2  SB-PZ17-01-021 143 311 859

METAL Mercury 1-2  SB-PZ17-01-021 6.9 0.18| 063

METAL Nickel 1-2  SB-PZ17-01-021 502 J 124 248

MEIAL Silver =2 SB-PL1/7-01-02-1 434 <DL 0.86)

= 1993 Background Arithmic Mean Concentration Less than Onsite Concentration
= 1993 Background Maximum Concentration Less than Onsite Concentration
= 2003 Background Median Concentration Less than Onsite Concentration
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General Water Quality Results of Groundwater Samples at DHS



General Water Quality Results of Groundwater Samples at DHS

Appendix B

Diamond Head Oil Superfund Site

Kearny, NJ

Sampling Location MW-11S MW-11D
Sample Depth Above Peat Below Peat
Sample ID MW-11S-1 MW-11D-1
Lab Sample Number R3983-01 R3983-02
Sampling Date 8/25/03 8/25/03
Matrix WATER WATER
Dilution Factor 1.0 1.0
Units ﬂg/L m/L
Alkalinity 570.00 1500.00
Ammonia 21 42
BOD 29 63
Carbon Dioxide ND 66
Chloride 72 24
[COD 170 330
Ferrous Iron ND ND
Hardness, total 109 659
NO3 ND ND
NO2 ND ND
|Total Phosphorus 0.200 0.820
Sulfate 140.00 33
Sulfide ND ND
TDS 783 1700
TKN 20 53
TOC 70 130
TSS 34 17
Methane 26.5 3.91
Ethylene ND ND
Ethane ND ND
Notes:

D - Result from diluted analysis of sample.
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Appendix C
Summary of Groundwater Quality Parameters based on June
2009 Groundwater Sampling Event



Appendix C. Summary of Groundwater Quality Parameters Based on June 2009 Groundwater Sampling Event
Diamond Head Oll Superfund Site, Kearny, NJ

Temperature Conductivity ORP D.O. [Surface] | Turbidity/ LaMotte
Well ID pH (SU) (C) {mS/cm) {mV) {mg/t) (NTU)
+/- 0.1 +/-3 % +-10 mV +/- 10 % +/- 10%

[mw-26s 7.31 16.68 2.81 -88 5 196/69.7
Imw-2ss 7.15 NM 2.35 -135 0.51 126/33.5
Imw-24s 9.35 22.97 0.430 -145 0.7 62.9/0.14
Imw-23s 7.44 19.22 1.03 -159 3.35 28.1/10.38
Imw-21s 9.45 14.61 1.77 -342 0.64 19.5
|mw-20s 7.31 17.72 3.6 -156 0.58 22
Imw-19s 7.28 20.47 5.49 -162 0.53 19
Imw-18s 7.78 16.74 1.72 -212 2.17 45
Imw-17s 6.75 17.71 0.902 -106 4.11 17
IMw-15D 6.95 16.09 4.98 -89 0.0 1.73
|mw-15s 7.39 14.84 1.49 -148 0.88 4.1
Imw-14s 7.15 16.62 0.779 -211 3.59 9.5
Imw-13D 6.94 20.76 5.01 -179 0.87 3.9
|mw-13s 7.20 14.18 0.818 -172 1.48 0.7/1.54
[mw-12s 10.66 15.66 2.56 -394 1.1 21.4
[mw-11D 7.18 16.23 3.90 -127 0.85 17.3
Imw-11s 7.33 16.15 0.446 84 3.07 2.3/0.0
[mw-10D 7.11 15.90 2.47 -100 0.00 8.9
|mw-10s 7.32 15.83 1.38 -150 1.09 1.0
Jmw-9s 7.13 17.37 0.668 -174 0.66 26.3
Jmw-7s 7.38 17.67 0.615 -140 2.71 22
IMw-6s 7.19 15.4 2.09 -144 1.12 19.9
Imw-5 6.37 16.05 1.95 -187 1.87 21.3
IMw-4 6.62 13.88 2.06 -195 2.25 9.5
jvw-3 7.26 14.59 1.1 -353 0.56 0/0.65
fmw-2s 9.30 14.27 0.447 -120 3.80 1.9
IMw-1s 7.10 15.74 1.74 -118 1.20 38.0
Notes:

mg/L - milligrams per liter

mS/cm - millisiemens per centimeter

mv - millivolts

NTU - nephelometric turbidity units

ORP - Oxidation reduction potential

SU - standard units
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Appendix D
USGS Groundwater Quality for Stratified Drift and Brunswick Aquifers

Appendix D. USGS Groundwater Quality in the Stratified Drift and Brunswick Aquifers
Appendix D-1. Major Metals Based on USGS Stratified Drift Search

114
23 15

Notes:
Water samole was itered
Units are reporied in milligrams per ber (mgL)

Appendix D-2. Minor Metals Based on USGS Stratified Drift Search

sile. E ot
10d
74 il 5/42004
1 472872008
12
i}

-]
=]
=

i
b

s =

74024701 | 6232004 | ?
701 8472008
Notes:
Water sample was filtered

Units are reported in micrograms per kter (gL)
2 method detection limit (MDL) value was used for non detect concentrations.

Appendix D-3. Major Non-Metals Based on USGS Stratified Drift Search

pH DO DO

©0;
XS Sargle 3| i
156 10d 1
| 404339074045801 | 5/4.:2004 4E
4mm7%§o| | 4za008_|

0453607024701 | 6235004 | :#
404636074024701 8/4.2008 1 1

Notes:

% sai - percent saturation

CO: - carbon doxde

DO - dissolved oxygen

mo/L - milbgrams per Her

Water sample was Wterea

Ve method detection kst (MDL) value was used for no detect concentrabons.

Appendix D-4. Minor Non-Metals Based on USGS Stratified Drift Search

Ess s =

404339074045401 3
40433907 4045401 T
404636074024701

A04636074024701 2

Notes:

Water sample was filtered

Units are reported in micrograms per ker (g)

Yz method Cetection limit (MDL) value was used for non detect concentrations.
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Appendix D
USGS Groundwater Quality for Stratified Drift and Brunswick Aquifers

Appendix D-5. Physical Parameters Based on USGS Stratified Drift Search

Water ‘C Ne'C mmtg iy “: som at 26°C Seld. SU [laboratory. 8U|  caco’ '*: molL “-‘Q‘- LSO, m unfiered. feld. NTU (400-680 nvv), m: Iv‘. :‘“ 4

T T iod v T i T i | e iz N7 Y 12 iz iz 1 iz
| 404625074063001 | 4/28/1959 3 78 3300 640 2 ¢ g
[ 404834074061901 /18/1971 3100 ?-y‘_. 2400 2300 _ e
|_404344074082501 | 4/28/2004 1 85 758 0.5 813 15 310 97 0.9

404844074082501 /16/2008 195 32 T4 0.15 _831 [X 7.4 270 ¥
| 404339074045401 5/4/2004 122 1 ) 05 _1300 6 _260 2% 05
| 404330074045401 | 4/28/2008 1 125 E 05 X [X] 150 130 i3 S
| 404636074024701 6/23/2004 0.18 ﬁ 67 7 1000 _ 240 17
[ 204636074024701 8/4/2008 166 32 758 0.18 1840 68 7 770 [X] 14 862
Notes:
°C - degrees ceisius
HS/Om - miCrosiemens per centimeter
€aCO’ - calowsm carbonate
DTW - depih to water
ols - feet below land surface
9pm - gallons per minule
LSD - land surface datum
m - meters
mgL - millgrams per kter

- mercury
-
NTU - nephelometric turbidity units

units.
Appendix D-6. Summary of Maximum and Minimum Concentrations in Major Metals Based on USGS Stratitied Drift Search
[ Wagnesiom T Sodiom 1 Potassion ]

Maimu i s

Thrimom _:E E—""—‘g 13
Notes:
Water samplo was fikered
Units are reported in milligrams per bter (L)
Appendix D-7. Summary of Maximum and Minimum Concentrations in Minor Metals Based on USGS Stralified Drilt Search

[ Beium | Boriium | Cadviam | Chiomium | Copper For Losd [ Thaliom T Fckel St Zoc. Ruriiam [ Werowy ]
[ Wadmum 016 1T T 23 LX 245 0.1 435 218 0.01
— e — = N e 1 % 5
Notes:
Water sample was fitered
Units are reported in micrograms per liter (ug'L)
vz method detection kit (MDL) value was used for non detect concentrations.
Appendix D-8. Summary of Maximum and Minimum Concentrations in Major Non-Metals Based on USGS Stratified Drift Search
Acd neuwahang
pH DO DO co, Bicarbonate |  Chloride Sutate Fluoride Sica Aoty capacity
===t oSS as S . SEEESES=S
Minmum 0.1

Notes:
% sal - percent saturalion
€O, - carbon dioxide

DO - dissolved oxygen

mgL - milligrams per e

% method detection kimit (MDL) vakue was used for non detect concentrations.
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Appendix D
USGS Groundwater Quality for Stratified Drift and Brunswick Aquifers

Appendix D-9. Summary of Maximum and Minimum Concentrations in Minor Non-Metals Based on USGS Stratified Drift Search

5

Maximum
Mrimum

Notes:

Water sample was hkered

Units are reporied in micrograms per kter (ugL)

%2 method detection limit (MDL) value was used for non detect concentrations.

Appendix D-10. Summary of Maximum and Minimum Physical Parameters Based on USGS Stratified Drift Search

Dissoved Spocifc
e | Tarprs: Baromewic | Flowrate, [ S o v e, | e :’;‘ waier, m:-:. OTW ot b | Ttk e, |t e | ded o 1000, | e | oy i 2t oy r-tossly
ator s g platin alt laboratory, oo sty unfiterad, | fiktered, m unfiltered, NTL angles water, filtered, " A
" units su field, molL as. €aco’ 90 +/- 30 degrees, mglL consiuents, | per acre-loct M“';ct-h
NTBU
W T 1 76 13 3 5100 75 75 7 3 7318 T35 E
Minimum 1 85 758 015 3 741 56 6 % ﬁ § ;& 11 AT6 446 ;E—E

nm - nanometer
NTU - nephelometric turbidity units.
SU - standard units

Appendix D-11. Major Metals Based on USGS Brunswick Wide Search

Sodium
site_no ot P00S30__|_ p00a3s
i5s 10d T 125 128
| 204353074080001 | 5/10/1961 133
40435307 4080001 521968 620 185 145 &
404713074033601 4731969 62 [X3 I8
40471 7074033501 4731868 18
404819074063901 | 3131988
404872074072201 | 8241989 7 T_f
404829074072201 _| _B/24/1989 4
| 404840674022901 | &/o0i1969 il
|_404843074065101 | 81231969 11
404844074065101 9562001 1 1.16
404332074104201
404332074104201 | 42272008 1
Notes:
Water sample was filtersd

Units are reported in mifligrams per lter

Appendix D-12. Minor Metals Based on USGS Brunswick Wide Search

B

2

-
404332074104201 9/9/2003 87 0.03 312

404332074104201 4/22/2008 85 0.005

=g i et o e Lan o8 B R . S =R

g o s ; ; o - oo o s o

|_204353074080001 | 1

404713074033601 fg::: z 500 _

40

L ] 5 o % 7 5T o —

A04822074072201 | 87241989 1L} 3 5 [X] ¥ g___.n

404829074072201 Bﬂﬂ/}m 7 g ﬁ gg 1 % 3

| 404840074022301 | 7989 380

404844074065101 | /2371989 125 55 5 % 05 150 3
004 .04 (X1 0000 ]
0.04 0.04 0.05 0005

5[

19

I

Noles:
Water sample was fitered
Units are reported in micrograms per Mer (pgl)
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Appendix D
USGS Groundwater Quality for Stratified Drift and Brunswick Aquifers

Appendix D-13. Major Non-Metals Based on USGS Brunswick Search

s EEEE i f
- =1 1 .t —
e .
. ——pe = l T T
P = £ =+ = =
o] — et i B -

Notes:
% sal - percent saturation
CaCO*- calcium carbonate

CO, - carbon dioxide
DO - dissolved oxygen
gL - milligrams per ker

Appendix D-14. Minor Non-Metals Based on USGS Brunswick Wide Search

powe_|_Rew L jlmey 1_Sewhes |
sis_no sanple 9 | 01000 | pojozz | poises pO1145
158 10d 12 128 125 125
404819074063901 9/13/1968
404822074072201 8241969
4045829074072201 824/1969
404840074022901 8/30/1969
404844074065101 8231989 0.05
404844074065101 962001 2
| 404332074104201 9/5/2003 02 [ 0.15 31
404332074104201 | 4/22/2008 039 69 007 Z8

Notes:

Water sample was filtered

Units are reported in micrograms per Mer (liglL)

¥ metnod detection kvt (MDL) value was used for non detect concentrations.
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Appendix D
USGS Groundwater Quality for Stratified Drift and Brunswick Aquifers
- Water sample was unfiltered

Appendix D-15. Physical Parameters Based on USGS Brunswick Wide Search

Fiow T, it o, sobds. Dissolved sokds, | ConOuctance.
rossure, |instantanoous,|  Waer. | Color, water, herod, | reforance { Cniteroq, | PHwater, uriores | Harcness. water | navcoess water, |NUCCTCORIER avedat ooe, | SO0 waier, hored, fons | "%
Waler'C | Ai'C " pesy “.m?" o I R BT laboratory, SU | mgi as CaCO® ” o5 —:i. .-.:_ poracredoct |  Uniered, LD, m
us/omat 4

o |—pwore || —oowss—|—powes—|—pooo oo —oo0ss | a0} - = o ]
T 104 128 128 12 125 128 12 128 128 128 125 i
|_404352074081101 3/14/1986 ! 0.1 7.1

4363074060001 | _5/10/1961 T x <
[~#osas3074080001 | 5/2/1968 o 5100 75 g g oW | w0 (XY
| _404614074082201 _Il‘/lm "‘ !g 7. .
| 404622074111001 18/1986 0.3 _900 o
| 404713074033601 | 4/3/1963 3 427 [X] 180 86 282 a7

404717074033501 | 4/3/1963 ) 726 82 320 130 450 4%

404717074033501 3/13/1986 139 05 LIRS 7
| 404819074063901 | 3/13/1966 1§ 371 1 75 e : 3
[ 404819074063901 3/13/1988 760 |§ 78 1000 1640 E E ﬁ
[ so4s1967a063901 | 1/10/1589 13 0 72
[ 4oaazz074072201 | 8/24/1985 1 520 74 77 240 319
[ 404820074072201 | 8/24/1589 1 1 75 7.
[ so4a40074022901 | 16 70 i 78 73 w

404844074065101_|_8/23/1585 15 660 7. 77 2%

404844074065101 | 9/6/2001 1 £ 767 1.6 0.03 74 300 17
|_404332074104201 | 9/9/2003 163 21 0 05 1900 7.1 75 620 329 Ti70 h
[ 404332074104201 4/22/2008 143 14 770 05 1740 _69 74 480 240 1080 _9850 147 1730

Appendix D-16. Summary of Maximum and Minimum Concentrations in Major Metals Based on USGS Brunswick Wide Search
Caldum__| Wagnesium | Sodium | Polassium |

Waximum — 620 85 ig 75
Mrmum &4 71
Notes:
Water sample was fltered

Uriits are reported in milligrams per hter (mg L)

Appendix D-17. Summary of Maximum and Minimum Concentrations in Minor Metals Based on USGS Brunswick Wide Search
o e ) . —" S — . o . 20

=S ===c=c=E==sE==SE=t=E = ==

Notes:

Water sample was fitered

Units are reported in micrograms per Kler (o)

V2 method detection limet (MDL) value was used for non detect concentrations.

Appendix D-18. Summary of Maximum and Minimum Concentrations in Major Non-Metals Based on USGS Brunswick Wide Search

e e e e e e

2 method detection kmit (MDL) value was used for non detect concentrations.
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Appendix D
USGS Groundwater Quality for Stratified Drift and Brunswick Aquifers

Appendix D-19. Summary of Maximum and Minimum Concentrations in Minor Non-Metals Based on USGS Brunswick Wide Search
[ Boon ] [Ssienn ]

[ Momen |02 —E—1

Notes:

Water sample was filtered

Units are reported in micrograms per lter (uglL)
"' Water sample was unfitered

Appendix D-20. Summary of Maximum and Minimum Physical Parameters Based on USGS Brunswick Wide Search

Specks Specihc.
Barometric | Flow Turbidity, Color, water, ORP, reference pHowaer, | pH % Noncarbonate Noncarbonate = Dissolved solds. |  Dissolved |concuctance, weser,
el e e S e e e e e e e e | e
— & e T = - n i " S e e et | b S et b P+
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